We compared plasma levels of biomarkers of inflammation (CRP) and oxidation (oxLDL), determined at study inclusion in lone atrial fibrillation (LAF) patients (48.6 ± 11.5 years; 74.0% men) and sinus rhythm controls (49.7 ± 9.3 years; 72.7% men, > 0.05), and investigated the association of baseline CRP and oxLDL levels with the risk for vascular disease (VD) development (hypertension, cerebrovascular disease, coronary/peripheral artery disease, and pulmonary embolism) during prospective followup. Baseline CRP (1.2 [0.7-1.9] mg/L versus 1.1 [0.7-1.6] mg/L) and oxLDL levels (66.3 ± 21.2 U/L versus 57.1 ± 14.6 U/L) were higher in LAF patients (both < 0.05). Following a median of 36 months, incident VD occurred in 14 (28.0%) LAF patients, all of whom developed arterial hypertension, and in 5 (11.4%) controls (hypertension, = 4; coronary artery disease, = 1), < 0.05. LAF patients developed VD more frequently and at a younger age. Both CRP (HR, 2.54; 95% CI, 1.26-5.12; = 0.009) and oxLDL (HR, 2.24; 95% CI, 1.14-4.40; = 0.019) were multivariate predictors of incident hypertension in LAF patients, but not in the controls. Further research should clarify clinical relevance of investigated biomarkers for risk stratification and treatment of LAF patients.
Introduction
Lone atrial fibrillation (AF) is a term commonly used to denote AF occurring in a small subset (∼3%) of patients without identifiable cardiovascular and extracardiac comorbidities or triggering factors [1, 2] . With growing understanding of AF pathophysiology, the existence of truly lone AF has been challenged, since emerging risk factors and evidence of subclinical vascular disease have been found in some apparently lone AF patients [2] [3] [4] . In particular, latent or masked arterial hypertension has been implicated as a possible "hidden" cause of AF, while clinically overt hypertension has been the most frequently diagnosed vascular disease in cohorts of initially lone AF patients during follow-up [5, 6] . However, determinants of future development of vascular disease in previously lone AF patients have not been broadly investigated.
Current evidence indicates that chronic low-grade inflammation in association with oxidative stress could represent a link between AF and (subclinical) vascular disease [7] [8] [9] [10] . Increased plasma levels of inflammatory (e.g., C-reactive protein-CRP) [13] and oxidative mediators (e.g., oxidized low density lipoprotein-oxLDL) have been reported in subjects with lone AF compared to healthy individuals in sinus rhythm [11, 12] . Increased inflammatory and oxidative burden has been associated with AF recurrence and perpetuation [11] , but the association of markers of inflammation and oxidative stress with the development of vascular disease in lone AF remains unknown.
The aim of the present study was to evaluate the association of plasma biomarkers of inflammation (CRP) and oxidative stress (oxLDL) with the development of clinically evident vascular disease (arterial hypertension, cerebrovascular disease, coronary/peripheral arterial disease, and pulmonary embolism) in lone AF patients. We hypothesized that if there was a relation between lone AF, inflammation, and oxidative burden, (i) baseline plasma levels of CRP and oxLDL would be higher in lone AF patients compared to healthy controls 2 Mediators of Inflammation in sinus rhythm and (ii) CRP and oxLDL could be associated with increased risk for the development of overt vascular disorders in a group of lone AF patients.
Methods

Study Design and Patient Selection.
Of 854 consecutive AF patients referred to the Outpatient Unit of the Cardiology Clinic, Clinical Center of Serbia, between May 2010 and August 2011, we prospectively enrolled 50 subjects (5.8%) with carefully characterized lone AF. We also included a control group of 44 healthy individuals in sinus rhythm, recruited among the hospital staff and acquaintances of AF patients. None of the participants had any evidence of underlying cardiovascular disorders (including hypertension) or extracardiac comorbidities. The study included patients with prior history of AF (paroxysmal, persistent, or permanent), as well as patients with newly diagnosed AF.
Diagnostic Work-Up and Criteria for Comorbidities.
Thorough evaluation of medical records, physical examination, office and home blood pressure (BP) measurements, 12-lead electrocardiogram (ECG), laboratory analyses, transthoracic echocardiographic examination, and chest radiography were performed in both AF patients and the controls at inclusion, while additional diagnostic assessments were performed when indicated. Subjects with prior cardiovascular disorders, stroke, transient ischemic attack (TIA), diabetes (fasting plasma glucose ≥7.0 mmol/L or 2 h postload plasma glucose ≥11 mmol/L), hepatic, renal, or thyroid dysfunction, systemic inflammatory disorders, malignancy, or obesity (body mass index [BMI] ≥30 kg/m 2 ) were excluded. All participants were required to have normal findings on physical examination, including normal office (systolic BP <140 mmHg and diastolic BP <90 mmHg) and 7-day home BP measurements (systolic BP <135 mmHg and diastolic BP ≥85 mmHg) prior to the institution of any medications. Subjects with high-normal office BP (systolic BP 130-139 mmHg and/or diastolic BP 85-89 mmHg) were included if masked arterial hypertension was excluded by further ambulatory BP monitoring. Arterial hypertension was diagnosed if office BP measurement ≥140/90 mmHg, and/or home BP measurement ≥135/85 mmHg was found (and those subjects were excluded). Normal 12-lead ECG and transthoracic echocardiographic examination, including normal indexes of left atrial volume and left ventricular mass, without evidence of diastolic left ventricular dysfunction or valvular heart disease, were required for all participants. Subjects with symptoms suggestive of obstructive sleep apnea or chronic pulmonary disease were referred for further respiratory function examination. Subjects with symptoms indicative of myocardial ischemia were evaluated by stress-echo exercise testing, supplemented by coronary angiography if indicated. Participants suspected of having lower or upper extremities ischemia or cerebral hypoperfusion were referred for Doppler echosonographic examination to confirm peripheral arterial disease or carotid artery disease, respectively. Patients with a sudden-onset focal neurological deficit suspected of having a stroke or TIA were referred for neurological examination and imaging diagnostics. Peripheral arterial thromboembolism was defined as thromboembolic events outside the brain, retina, heart, or lungs. Pulmonary embolism was suspected in the presence of clinical symptoms, ECG, and laboratory findings and confirmed by computed tomography-pulmonary angiogram.
Biomarker Determination.
Fasting peripheral venous blood samples were collected at study inclusion in all participants. Following centrifugation (2,200 rpm, 20 minutes, 4 ∘ C), ethylene-diamine-tetra-acetic acid-plasma samples were stored in multiple aliquots at −20 ∘ C until further analysis. Plasma oxLDL (Mercodia, Uppsala, Sweden) was determined by commercially available enzyme-linked immunosorbent assay (ELISA). Intra-and interassay coefficients of variation for oxLDL were 6.8% and 7.1%, respectively. Determination of CRP was performed by immunonephelometric technique (Dade Behring BNII Nephelopmeter, Marburg, Germany) with detection limit of 0.2 mg/L and a coefficient of variation of 4.7%.
Follow-Up and Study
Outcomes. Follow-up visits were performed by cardiologists at 3-month intervals or more frequently if required, and data on incident vascular disease were collected. A composite study end-point was defined as the first occurrence of any clinically manifest vascular disease (arterial hypertension, coronary/peripheral artery disease, significant carotid artery stenosis, pulmonary embolism, stroke, or TIA) in a patient with initially lone AF or in a control group subject. Diagnostic criteria and medical procedures used to confirm the diagnosis of vascular diseases during follow-up were the same as at study inclusion and included assessments of patients' medical records during follow-up, physical exam, 12-lead ECG, and office and 7-day home BP measurements at each visit, supplemented by additional diagnostic tests if indicated (e.g., stress-echo exercise testing, coronary angiography, peripheral/carotid artery Doppler echosonography, CT pulmonary angiography, and endocranial CT scan). Vascular disease was confirmed when standard diagnostic criteria were satisfied. In patients with high-normal office BP at follow-up (systolic BP 130-139 mmHg and/or diastolic BP 85-89 mmHg), ambulatory BP monitoring was performed. Hypertension was diagnosed when either office BP ≥140/90 mmHg and/or home BP ≥135/85 mmHg was found or when 24-hour ambulatory BP of ≥130/80 mmHg was recorded. Control laboratory and echocardiographic exams were performed at 12-month intervals in all participants. Before the development of vascular disease, none of the participants received ACE inhibitors or dihydropyridine Ca 2+ channel blockers, while statins were prescribed in subjects with elevated plasma cholesterol. In AF patients, vitamin K antagonists were used for the preparation for elective cardioversion. Once vascular disease was diagnosed, patients' treatment was reassessed in accordance with practice guidelines [1] . The study was approved by the local Ethics Committee and all participants gave their informed consent.
Statistical Analysis.
Data are presented as mean values and standard deviations for normally distributed continuous variables, medians, and interquartile ranges (25th-75th) for skewed variables and counts ( ) with percentages (%) for categorical variables. The differences between variables were tested by the two-tailed -test, Mann-Whitney test, 2 test, and Fisher test, respectively. Correlation between normally distributed or log-transformed variables was analyzed by Pearson's correlation.
Univariate Cox proportional hazard analyses were performed to examine the relationships of clinical, echocardiographic, and biochemistry variables from Table 1 with the risk for incident vascular disease. Variables significantly associated with the risk for incident vascular disease were subsequently entered in the multivariate Cox proportional hazard models with plasma biomarkers. The association of plasma biomarkers (CRP and oxLDL) with incident vascular disease was tested in univariate and multivariate Cox proportional hazard models with biomarkers first entered as continuous (oxLDL) or log-transformed (CRP) predictor variables and then as predictor variables categorized per quartile increase. Time to the first occurrence of vascular disease or time to the last follow-up (for those participants who did not develop vascular disease) was used in all Cox proportional hazard analyses.
The -statistic, a measure of the area under the receiveroperator characteristic (ROC) curve, was used to assess the validity of the unadjusted and adjusted models of plasma biomarkers to predict the development of vascular disease during follow-up. Pairwise comparison of the ROC curves was also performed using DeLong approach (the -statistic). A value of <0.05 was accepted as statistically significant. Statistical analyses were performed using SPSS software, version 20 (SPSS, Inc. Chicago, Illinois), or the MedCalc statistical software, version 12.7.0.0.
Results
Baseline Characteristic of the Study Population.
Baseline demographic and clinical characteristics of both study groups are presented in Table 1 . Both groups included subjects of similar mean age with male predominance, and there were no differences regarding demographic, clinical, or routine laboratory findings, except for higher BMI and higher levels of fibrinogen in AF patients (Table 1) . In AF patients, newly diagnosed AF was noted in 50.0% of subjects. Echocardiographic parameters, including left atrial dimensions and volume index, were similar between AF patients and healthy controls (Table 1) . Medical treatment at baseline in AF patients comprised of antiarrhythmic medications and ventricular rate controlling drugs, while none of the healthy controls received any medications ( Table 1) .
Comparison of baseline plasma levels of the investigated biomarkers revealed that both median CRP level and mean oxLDL level were significantly higher in lone AF patients than in healthy controls (Table 1) . In AF patients, there was a significant positive correlation between plasma levels of CRP and oxLDL ( = 0.343, = 0.040), as well as a positive correlation between both biomarkers and patients' age ( = 0.520 and = 0.568, resp.). OxLDL was also correlated with total-and LDL-cholesterol concentrations in AF patients ( = 0.432 and = 0.460, resp.), all < 0.05. Positive correlations between CRP and oxLDL were also noted in the control group ( = 0.334, = 0.028).
Vascular Disease Occurrence during Follow-Up.
In the course of a median 36-month follow-up, incident vascular disease was diagnosed in 14 (28.0%) lone AF patients and in 5 (11.4%) healthy controls ( Table 2 ). Arterial hypertension was the only vascular disorder diagnosed in lone AF patient group. None of the other overt vascular disorders (coronary/peripheral artery disease, significant carotid artery stenosis, pulmonary embolism, stroke, or TIA) occurred in lone AF patients. In the control group, 4 subjects developed arterial hypertension and 1 subject was diagnosed with coronary artery disease. None of the study participants died or were lost to follow-up. The median time to incident vascular disease was similar in both groups, but AF patients developed vascular disease at a younger age compared to healthy controls (Table 2) . During follow-up, AF patients were treated with antiarrhythmic medications, beta-blockers, and non-dihydropyridine Ca 2+ channel blockers, while vitamin K antagonists were prescribed for elective cardioversion (Table 2) . One AF patient received aspirin for thromboprophylaxis. Control group patients received no cardiovascular medications except statins ( Table 2 ). The Kaplan-Meier curve of the cumulative risk for vascular disease development in lone AF patients and healthy controls is presented in Figure 1. 
Predictors of Vascular Disease
Occurrence. In lone AF patient group, subjects with incident hypertension were older, had a longer history of AF, and higher baseline systolic and diastolic BP, BMI, fibrinogen, and total-and LDL-cholesterol plasma levels ( Table 3 ). All these characteristics were significantly associated with the risk of developing hypertension (all < 0.05). There were no differences regarding other clinical, laboratory, or echocardiographic characteristics, including AF type, smoking habits, alcohol intake, or medications used during follow-up (not presented).
On univariate Cox proportional hazard analyses, both CRP and oxLDL were associated with increased risk for incident hypertension in lone AF patients, both as continuous variables (not presented) and per quartile increase (Table 4) . Both biomarkers demonstrated high sensitivity and specificity for incident hypertension ( Figure 2 ) and their predictive ability did not significantly differ between biomarkers when pairwise comparison was performed (Table 4) .
On multivariate Cox proportional hazard analysis, investigated biomarkers maintained their predictive significance for subsequent occurrence of hypertension in lone AF patients, with high discriminatory ability that was similar between models in pairwise comparison (Table 5) . Multivariate Hazard Ratios (HR) with 95% Confidence Intervals (CI) for CRP and oxLDL were 2.54 (1.26-5.12), = 0.009, and 2.24 (1.14-4.40), = 0.019, respectively.
In the control group, predictors of vascular disease occurrence were older age, higher systolic and diastolic BP, and higher plasma total-and LDL cholesterol levels ( 
Discussion
In the present study, we have demonstrated increased plasma levels of biomarkers of inflammation (CRP) and oxidative stress (oxLDL) in carefully characterized lone AF patients compared to healthy controls in sinus rhythm. We have also demonstrated that baseline plasma levels of CRP and oxLDL are associated with the risk for incident vascular disease (hypertension) during a median 3-year follow-up in lone AF patients, but not in healthy controls. Despite positive mutual correlations, both CRP and oxLDL were strong multivariate predictors for incident hypertension in our group of lone AF patients. Vascular disease occurred more frequently and at a younger age in lone AF patients than in healthy controls. Thus far, prognostic significance of biomarkers of inflammation and oxidative burden in lone AF has been demonstrated for arrhythmia perpetuation following cardioversion or catheter ablation [11, 13, 14] . To our knowledge, this is the first study to report on the link between increasing levels of CRP and oxLDL and the development of arterial hypertension in patients with lone AF. From the clinical perspective, development of any vascular disorder, including arterial hypertension, in lone AF patients implies an increased risk of stroke, heart failure, and other complications [1, 5, 15] . Therefore, efforts to establish contributors or associates of vascular disease development in lone AF might aid to earlier recognition and adequate treatment of patients at risk, Mediators of Inflammation since it pertains to their prognosis. Such AF patients merit a more intensive follow-up, rigorous life-style changes, and possibly earlier institution of medical treatment to prevent vascular disorders and their complications, while appropriate AF thromboprophylaxis should be commenced once vascular disease becomes apparent. Although heterogeneous pathophysiological mechanisms may contribute to the development of lone AF, there is a considerable interest in the role of inflammation and oxidative stress as underlying mechanisms. Despite evidence of inflammatory atrial lesions [16] and increased levels of various biomarkers in lone AF [17] , there is no unequivocal link between inflammation, oxidative burden, AF, and vascular disease. In the present study, we have demonstrated higher CRP levels in AF patients compared to healthy controls, which is in line with our previous findings of impaired endothelial function and increased CRP concentrations in subjects with persistent lone AF compared to healthy individuals [18] . Similarly, increased levels of CRP [13] and other mediators of inflammation [19] have been reported in other studies of lone AF patients, with a stepwise CRP elevation associated with increased AF burden [13] . However, data on inflammatory mediators in lone AF are still conflicting since some studies have failed to demonstrate higher inflammatory burden in lone AF [20] .
We have also found higher oxLDL levels in lone AF patients compared to the controls. Data on oxLDL in lone AF are sparse, but in a recent study, Kim et al. also reported increased plasma concentrations of oxidized lipoproteins in females with paroxysmal lone AF compared to healthy controls [12] . The origin of the observed abnormalities in lone AF remains elusive, but it is conceivable that they represent harbingers of a pathological process that predates an overt vascular disease and first becomes manifest as (lone) AF. The results of the present study support the notion that in the background of some lone AF cases there are inflammatory and oxidative mechanisms (as reflected by increased plasma concentrations of CRP and oxLDL compared to healthy subjects) that are associated with or possibly contributing to the development of vascular disease (e.g., arterial hypertension).
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In subjects without AF, several epidemiological studies have established an association of CRP with the occurrence of hypertension [21, 22] while oxLDL has been linked to the development of subclinical vascular disease [23] . Presently, we have not observed a significant relation of either CRP or oxLDL with a risk for incident vascular disease in healthy controls, which does not preclude an association in a larger group of subjects with more pronounced overall cardiovascular risk. Additionally, the absence of an association of the investigated biomarkers with incident vascular disease in the control group further strengthens clinical significance of the association observed in lone AF patients.
Considering other variables associated with hypertension occurrence in lone AF patients in the present study, we have found that aging, longer AF history, higher baseline systolic and diastolic BP, higher serum cholesterol and fibrinogen levels, and increased BMI are linked with incident hypertension. Nevertheless, all of the listed variables were within reference limits acceptable for the healthy population and comparable to the healthy controls, except for higher fibrinogen levels and BMI in AF patients. Longer overall history of AF has been already linked to the risk for vascular disease development in lone AF, possibly due to longer exposition to as yet unrecognized causal or confounding factors [6] .
Earlier studies have reported occurrence of arterial hypertension in lone AF between 7.5% (after 7 years) [24] and 44% (after 2 years) [3] . In a recent trial, Weijs et al. reported increased incidence, younger age at onset, and more severe characteristics of vascular disease in lone AF patients compared to healthy subjects [6] . During a 5-year follow-up, incident hypertension occurred in 30% of lone AF patients, while other comorbidities (coronary artery disease, heart failure and stroke) occurred in 49% of patients [6] . Similar to Weijs et al., we have also demonstrated that lone AF patients developed vascular disease (i.e., hypertension) more frequently and at a younger age compared to sinus rhythm controls, but despite careful follow-up we have not documented occurrence of other vascular disorders. However, it is not precluded that over time other comorbidities and vascular complications would become apparent with a possible relation to inflammation and oxidative burden.
The most important limitation to the present study is a relatively small number of highly selected participants in both study groups, originating from a single ethnic background and from one referral center. Therefore, our results do not necessarily apply to all lone AF patients and should be reproduced in other groups of lone AF subjects before any general conclusions could be drawn. Biomarker determination has been conducted at a single time point at study inclusion and we have no information on possible changes in the levels of investigated biomarkers during the follow-up or whether these changes (if occurred) were pertinent to vascular disease development. Furthermore, only 2 highly correlated biomarkers have been evaluated, and adjustments have been conducted for the routine biochemistry parameters and clinical characteristics of study participants, while other possible confounding biochemical variables or risk factors might have been missed. Despite our meticulous efforts to include strictly lone AF patients, some cases with occult comorbidities, particularly latent arterial hypertension, might have been missed. Considering that we have not demonstrated an association of the investigated biomarkers with vascular disease development in the control group, no comparisons of their predictive abilities could have been made between lone AF patients and healthy controls.
Conclusions
The present study showed that levels of circulating biomarkers of inflammation, CRP, and oxidative stress, oxLDL, are higher in lone AF patients compared to healthy individuals and that both biomarkers were associated with increased risk for incident hypertension in lone AF. Further research should better define pathophysiological role of these biomarkers in the development of AF and vascular disease and refine their clinical relevance in lone AF patients, particularly concerning risk stratification and therapeutic implications. Meanwhile, a regular clinical follow-up of lone AF patients should be routinely conducted in daily clinical practice.
